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Introduction 
The Affordable Care Act of 2010 greatly expanded the role of Federally Qualified Health 
Centers (FQHCs) in providing healthcare services to underserved communities. The American 
Cancer Society (ACS) and other public health organizations consider FQHCs as key 
collaborators in a national effort to promote disease prevention. ACS leads cancer prevention 
initiatives such as colorectal (80% by 2018) and breast cancer screening, and recently is working 
with the CDC to increase HPV vaccination uptake. 
FQHCs are required to report on a number of measures regarding the operation and 
performance of health centers. These include clinical, operational and financial data as well as 
aggregate patient characteristics including health outcomes, services and residential zip codes. 
Among these measures are rates for colorectal cancer screening, breast cancer screening and 
cervical cancer screening (pap smears).  
Geographic coverage of service areas for health providers and healthcare utilization is 
available through organizations such as HRSA, Dartmouth Atlas and others. These types of 
spatial data are routinely used in health policy research. However, the spatial coverage of safety 
net providers such as FQHCs has not been studied. The goal of this project was to develop a 
methodology to generate and visualize FQHC service areas. The project also demonstrates how 
geospatial analysis of HRSA and Census data can identify factors associated with disparities in 
cancer screening rates and redirect available resources strategically towards local cancer 
prevention efforts and other targeted interventions.  
Both contiguity and non-contiguity based methods were compared and “core” service 
areas (SAs) were generated using Python scripts (PHASE I). The methodology is validated by 
examining both spatial and temporal trends within the geographical distribution of service areas 
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for 2012, 2013 and 2014 data. Core service areas are layered with socioeconomic profiles, 
urban/rural classifications, cancer screening rates and other data from publicly available sources, 
such as the Census and BRFSS.  Screening rates for colorectal cancer as reported by FQHCs are 
also mapped to demonstrate the utility of this methodology. The analysis identified 
“Communities of Focus” where there is high co-occurrence of risk factors (PHASE II). 
 The advanced spatial analysis and modeling were effective in identifying areas of low 
screening rates and associated socioeconomic determinants.  This integrated information will be 
used to evaluate performance of ACS cancer screening initiatives and to support better targeting 
and improved resource allocation in communities. Data, methods, and a collaborative roadmap 
for utilizing this research within the organization are elucidated in this paper.  
A brief history of FQHCs 
Federally Qualified Health Centers were established in 1965 during the Lyndon Johnson 
administration as part of the War on Poverty program. Neighborhood (Community) Health 
centers were commissioned by the Office of Economic Opportunity to provide poor and 
medically underserved communities with access to health and social services (safety-net 
provideers). These health centers were formally sanctioned and funded under Section 330 of the 
Public Health Service Act (PHSA). The grant funding program is administered by the Health 
Resources and Services Administration (HRSA), Bureau of Primary Health Care within the U.S. 
Department of health and Human Services (HHS). FQHCs receive grant funds from HHS to 
cover the cost of providing care to uninsured patients. They also bill Medicaid, Medicare and 
private insurers for services provided to insured patients. In order to receive section 330 grant 
funds, an FQHC must meet the following requirements (Taylor, 2012): 
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 Must be located in a federally designated medically underserved area (MUA) or serve a 
federally designated medically underserved population (MUP)  
 Have nonprofit or public status 
 Provide comprehensive primary health care services and referrals 
 Provide services such as case management, translation and transportation that facilitate 
access to care 
 Have a governing board where majority of the members are patients of the health center 
 Provide services to everyone regardless of their ability to pay and have a sliding fee 
schedule that adjusts to the family income. 
FQHCs and Cancer Prevention 
FQHCs provide comprehensive primary and preventive care to patients regardless of 
their ability to pay for services. The Affordable Care Act (ACA) greatly expanded the role of 
FQHCs by increasing infrastructural support as well as extension of Medicaid coverage to low-
income adults, irrespective of their family status. The ACA is predicted to create an influx of 
newly-insured, low income patients into FQHCs. These patients are at higher risk for cancer due 
to their socioeconomic status. In addition to disproportionate cancer morbidity and mortality, the 
uninsured and underinsured also get much lower levels of preventive services including 
screening for breast, colorectal and cervical cancer compared to the general population. 
However, several measures including increased funding, patient-centered medical home 
transformation, electronic health record implementation and increased emphasis on screening 
from HRSA is anticipated to increase screening levels within FQHCs (Allen et al., 2013; Daly et 
al, 2015; Martinez-Gutierrez et al., 2013; Taplin et al., 2008). Cancer-focused organizations such 
CP 6950 GIS Capstone Project Arthi Rao 
4 
 
as the ACS are seeking to collaborate with FQHCs to increase cancer screening and other 
prevention strategies. 
Significance of Study 
Geographic datasets such as Hospital Referral Regions (HRRs), Hospital service 
areas (HSAs), Pediatric surgical areas (PSAs) and Primary care service areas (PCSAs) are 
available through a joint effort between HRSA and The Dartmouth Institute for Health Policy 
and Clinical Practice. These datasets are freely downloadable at the Dartmouth Atlas for 
Healthcare website. A key limitation to this data is that it only captures Medicare related patient 
utilization patterns. These datasets are also developed by aggregating different spatial units and 
capture related but different aspects of the healthcare system. 
To date, the spatial distribution and coverage of FQHC utilization patterns (safety-net 
services) have not been studied at a national scale. If interventions for improving screening are to 
be effective, it would be useful to visualize the geographical patterns of FQHC utilization and 
understand their socioeconomic/demographic composition. Organizations can then strategically 
plan their interventions by identifying “Communities of Focus” or areas of low screening rates 
where risk factors coalesce.  
The American Cancer Society plays a primary role in prevention initiatives such as the 
80% by 2018 convened through the National Colorectal Cancer Roundtable (NCCRT) jointly 
founded by the CDC and ACS and is a coalition between several agencies. The aim is to increase 
colorectal cancer screening rates to 80% by the year 2018. Breast and cervical cancer screening 
and tobacco cessation are other important areas of focus. The ACS also funds FQHCs to improve 
their screening programs. An analysis of FQHC service areas and understanding their constituent 
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communities are foreseen to help all of these initiatives. This paper primarily focuses on an 
analysis of colorectal cancer screening. 
Healthcare Service Areas 
Service areas, also referred to as catchment areas, are geographic areas that capture the 
patient population utilizing a particular hospital or other healthcare provider. These areas usually 
represent patient travel patterns and demonstrate variations in patterns of utilization (Klauss et al, 
2005). Several variations on the definitions and methodologies used to construct these service 
areas exist based on their intended purpose. Some commonly used typologies are described in 
table 1. 
Table 1. Typologies of commonly available healthcare service areas 
Service Area Definition Methodology 
Hospital service areas 
(HSAs) 
Polygons representing 
local health care markets 
for hospital care. An HSA 
is a collection of ZIP codes 
whose residents receive 
most of their 
hospitalizations from the 
hospitals in that area.  
HSAs were defined by assigning ZIP codes 
to the hospital area where the greatest 
proportion of their Medicare residents were 
hospitalized. Minor adjustments were made 
to ensure geographic contiguity. This process 
resulted in 3,436 HSAs. When these regions 
were created in the early 1990s, most 
hospital service areas contained only one 
hospital. In the intervening years, hospital 
closures have left some HSAs with no 
hospital; these HSAs have been maintained 
as distinct areas in order to preserve the 
continuity of the database. 
Hospital referral 
regions (HRRs) 
Polygons representing 
regional health care 
markets for tertiary 
medical care that generally 
requires the services of a 
major referral center. The 
regions were defined by 
determining where patients 
were referred for major 
cardiovascular surgical 
procedures and for 
Each hospital service area (HSA) was 
examined to determine where most of its 
residents went for these services. The result 
was the aggregation of the 3,436 hospital 
service areas into 306 HRRs. Each HRR has 
at least one city where both major 
cardiovascular surgical procedures and 
neurosurgery are performed. 
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neurosurgery.  
Primary care service 
areas (PCSAs) 
Polygons reflect Medicare 
patient travel to primary 
care providers.  
Population zip codes were assigned to the 
provider zip code where the plurality of 
beneficiaries received care, and these 
assignments were adjusted to create 
contiguous zip code groups 
Health Service Areas Polygons representing a 
single county or cluster of 
contiguous counties which 
are relatively self-
contained with respect to 
hospital care 
Counties grouped into service areas through 
agglomerative hierarchical clustering 
analysis. 
 
Based on the methodology for each service area described in table 1, it can be seen that 
these readily downloadable datasets focus on Medicare utilization patterns. There is no such data 
available on FQHCs or other community health providers. Generating and mapping the FQHC 
service areas would enable visualizing the spatial distribution and coverage of safety-net health 
services. This exercise would be valuable in and of itself to inform a wide variety of purposes 
within ACS and within the larger research community engaged in health policy and services 
research. Within ACS, overlaying socioeconomic and other risk factors over this base layer was 
foreseen to inform strategic prevention initiatives as well as resource allocation and fund raising. 
UDS Data on Federally Qualified Health Centers 
The Uniform Data System (UDS) is a reporting requirement for Health Resources and 
Service Administration (HRSA) grantees, including community health centers, migrant health 
centers, health care for the homeless grantees, and public housing primary care grantees. FQHCs 
are required to submit data annually to the Bureau of Primary Health Care (BPHC) through 
HRSA’s Electronic Handbook (EHB) system. The UDS is a core system of information 
appropriate for reviewing the operation and performance of health centers, identify trends over 
tie and improve health center performance. UDS data are compared with national data to review 
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differences between the U.S population at large and those individuals and families who rely on 
the health care safety net for primary care. 
The UDS is comprised of 12 tables designed to yield consistent clinical, operational, and 
financial data: 
1. Patient Origin: Patients served reported by ZIP code and by primary third party medical 
insurance source, if any 
2. Table 3A: Patients by age and gender 
3. Table 3B: Patients by race, Hispanic/Latino ethnicity, and language barriers 
4. Table 4: Patients by income (percent of poverty level) and primary third party medical 
insurance source; Table 4 also reports the number of “special population” patients 
receiving services, and managed care member months. 
5. Table 5: Full-time equivalent staff by position, visits by provider type, and patients by 
service type 
6. Table 5A: Tenure for selected health center staff 
7. Table 6A: Selected diagnoses for medical, mental health, and substance abuse visits; and 
selected medical and dental services provided 
8. Table 6B: Quality of care measures 
9. Table 7: Health outcomes measures by race and ethnicity 
10. Table 8A: Direct and indirect expenses by cost center 
11. Table 9D: Full charges, collections, and allowances by payor type as well as sliding 
discounts and patient bad debt 
12. Table 9E: Non patient-service income 
The entire set of 12 tables was obtained through a Freedom of Information Act (FOIA) 
request. The “Patient Origin” and “Quality of Care measures” tables were utilized in this project. 
The initial request was made for 2012 data. Subsequently, 2013 and 2014 data were also 
obtained through the same process. The service area methodology and subsequent analysis 
documented in this paper was performed on 2012 data. 
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Tables 2 and 3 provide a snapshot of the data and structure of the variables. Table 2 
shows an example of an FQHC identified through the BHCMISID (unique identifier that stays 
consistent for all years). The “ZipCode”, “ZipCodeType” and “TotalNumberofPatients” are the 
primary variables of interest. The BHCMISID shares a one-to-many relationship with the other 
variables.  
Table 2. The "Patient Origin" table showing the number of patients from each 
zipcode seen at an FQHC (the BHCMISID is the unique identifier for an FQHC) 
 
Under ZipCodeType, there are two categories—1) Other ZIP Codes 2) Unknown 
Residence, that indicate that there are some patients for whom the zipcode is not known or 
recorded. These categories do not contain a specific spatial reference and cannot be used in the 
construction of Service Areas. Patients from these categories will not be accounted for in the 
service areas and geospatial analysis and forms a key limitation of the method. However, a 
preliminary evaluation was done to assess how much total information would be lost due to their 
exclusion. There were a total of 1194 unique FQHCs in the 2012 data. 13 FQHCs had less than 
80% captured from known zipcodes (table 3). 
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Table 3. Percentage of patients remaining after eliminating unidentifiable zipcodes 
 
The “Quality of Care measures” table (table 4) has numerous measures pertaining to 
screening snd prevention rates for each FQHC. The colorectal screening rates are used as a 
demonstration in this study. 
Table 4. A sample of the "Quality of Care measures” table where the colorectal 
cancer screening rates for each FQHC (identified through the BHCMISID) are recorded.  
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Overview of Service Area Methodology (PHASE I) 
From a methodological perspective, the primary aim of this project was to create “Core 
Service Areas” that effectively captured a majority of the FQHC patient population. The core 
SAs would be a representation of the community surrounding the FQHC. Census tract level 
socioeconomic and other risk factors were then computed for each SA. Risk factors for 
colorectal cancer and screening rates were overlaid on the SAs to identify communities of focus 
for strategic prevention initiatives. The overall process is outlined in fig.1 below. 
 
Figure 1. Overview of Methodology 
 
Data Cleaning
Eliminate table records with missing or unknown ZCTAs
Data Integration
Iterate through the table based on FQHC ID and join with 
ZCTA shapefile (inner join)
Dissolve the output from the join process to create a contiguous 
polygon 
Exploratory Data Analysis (EDA)
Spatial Diagnostics - How many patients were serviced from 
each ZCTA
Remove low service ZCTAs
Core Service Areas 
Overlay analysis to identify “Communities of Focus”
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Creating the baseline Service Areas 
The cleaned excel file (removal of ZipCodeType with “Other” and “Unknown” 
categories) was used for generating the first round of Service Areas that included all patients 
with known zipcodes of origin. Using the census crosswalk files, zipcodes were matched to their 
respective zctas to prevent loss of patients from zipcodes that were not an exact match with a 
zcta. Patient counts for each zcta were further aggregated using pivot tables.  
Since this was the first attempt at creating the SAs, the decision was made to keep each 
component of the process separate to retrace steps and be able to inspect every FQHC 
individually. It was also essential to make each SA available individually for further analysis. 
The first step was to create separate tables for each unique FQHC and store it within a folder. A 
free downloadable excel add-in (ASAP utilities) was used to accomplish this task. The algorithm 
shown in fig.1 was then developed to write and execute the Python scripts.  
A discrete polygon shapefile was created for each FQHC and saved in a folder. After the 
dissolve process, the polygons did not contain any attribute information. However, ideally, each 
polygon would be able to be identified through the BHCMISID associated with the FQHC that it 
served. The BHCMISID was extracted from the name of the shapefile and added to an additional 
field created in the attribute table for each SA shapefile. These steps were also executed using 
python scripts. The SAs were then mapped to visualize the spatial distribution of SAs including 
all patients. 
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Figure 2. Algorithm used to write Python scripts to generate Service Area polygons. 
 
Exploratory Data Analysis (EDA) 
When the Service Areas were mapped from the previous process, the FQHC coverage 
appears really good geographically. However, this information could be misleading as numerous 
Service Areas have several distant and proximal zipcodes with just 1 patient. The EDA was 
executed to examine scenarios where zip codes with small patient populations would be 
Remove rows with categories such as “Unknown 
Residence” and “Other Zip Codes”. These do not contain 
a specific spatial reference and cannot be used in the 
creation of Service Areas. 
Used this cleaned workbook for further analysis.
Create separate tables for each FQHC and store in a folder 
(ASAP utilities).
List Tables in folder
Create a loop where each table is selected based on the list.
For each table, join with ZCTA shapefile (inner join).
For each table, Dissolve the output from the join process 
to create a contiguous polygon.
For each table, remove the join so that all zctas are 
available for the next table.
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eliminated from the Service Areas and the resulting information that would be lost. The logic of 
the EDA process is explained in fig.3 below. 
 
Figure 3. Overview of the EDA process 
Both contiguity and non-contiguity based methods were evaluated to inform the 
methodology. The contiguity based method was built on the assumption that majority of FQHC 
patients reside in the immediate neighborhood of the FQHC location. This is a commonly used 
approach to creating service areas as healthcare utilization patterns are assumed to be fairly 
localized. However, these patterns are regulated through insurance and other mechanisms that 
determine healthcare access and are less relevant to FQHC access. 
The first step in the EDA process was to compare the number of patients captured by 
aggregating patients from the zipcodes in the immediate neighborhood of each FQHC. This was 
Generate Spatial 
Weights Matrix in 
ArcGIS
Calculate 
information loss 
scenarios after 
removing 
1,5,10,15
patients
Calculate % of 
patients captured by 
FQHC zip and 
neighbors
Calculate total 
patients in FQHC 
zip and neighbors
Calculate 100% Totals from 
original FQHC file 
(KnownZip+Unknown + 
Other)
Calculate information loss 
when “Unknown”& “Other” 
categories are removed
Too much variation in 
information captured!!
99% of FQHCs > 80% 
of patient information 
captured
More Consistent
Investigating 
the result of 
spatial-
contiguity-
based 
analysis to 
capture core 
service areas 
Investigating 
the result of 
capturing 
the core area 
based only 
on the 
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patients
CP 6950 GIS Capstone Project Arthi Rao 
14 
 
accomplished by adding up patients from the zctas containing the FQHC as well as those 
surrounding it as identified from the contiguity matrix generated in ArcGIS (table 5). 
Table 5. ArcGIS generates a sparse matrix that only identifies the adjacent zipcodes. 
 
The next step was to calculate total patients in FQHC zip and neighbors. The percentage 
of patients captured by this method was calculated by dividing the previously calculated total by 
the total patients from all known zipcodes going to that FQHC. Both these calculations are 
shown in table 6. 
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Table 6. Calculating total patients in FQHC zip and neighbors 
 
 
The next step in the EDA process was to examine a non-contiguity based method that 
systematically eliminated zctas with small numbers of patients. Scenarios for removing 1, 5, 10, 
15, 20  and 30 patient zctas were examined both through pivot table analysis as well as spatial 
techniques. For example, all zctas contributing 1 patient to any FQHC were removed. The total 
patients remaining after this elimination were aggregated and the percentage of the total FQHC 
patient population that they represented was calculated. A similar process was executed for the 
rest of the scenarios.  
Two criteria were considered in selecting the optimal threshold for eliminating zctas with 
small patient populations. The first criterion was the 80% threshold— the point at which most 
FQHCs are still represented by 80 % of their total population after eliminating small patient 
zctas. The second criterion was to look at the number of zctas that would be eliminated from the 
analysis as they consistently contributed small patient populations across all FQHCs. This 
criterion was important because several zctas have memberships in multiple FQHC Service 
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Areas. The criterion was intended to isolate zips that consistently contribute small number of 
patients to all of the FQHCs they are associated with.  Conversely, a zip that provides small 
number of patients to one FQHC but many patients to another will remain. 
The performance of the contiguity and non-contiguity based methods were compared. 
The histograms below show the distributions of the percentage of patients captured by each 
method (fig.4). The contiguity method shows a high variability (undesirable) with a large 
number of zeroes. This potentially indicates that Service Areas are not spatially continuous on a 
consistent basis. The non-contiguity method is clearly superior even after eliminating zctas with 
small patient populations. The distribution is strongly concentrated in 90%-100% region 
(desirable). 
 
Figure 4. Comparing the contiguity and non-contiguity methods 
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Different methodologies have been used to resolve the problem with overlapping 
polygons for service areas. For example, in the case of the HRSA datasets, a plurality rule is 
applied where a zcta (or other geographical unit) is assigned only to one healthcare provider 
(hospital, doctor, etc.). When a zcta contributes to multiple service areas, the provider that gets 
the maximum number of patients retains ownership of the zcta. Accordingly, the zcta is not 
represented in other service areas. Service area boundaries are further simplified to eliminate 
overlap and retain contiguity. For example, overlapping service areas may be dissolved so that 
one service area contains multiple providers. This can also be characterized as more of a patient-
centered approach rather a provider-centered one. Another approach is to define a service area 
based on the plurality of services consumed by the majority population (majority and plurality 
rules). These methods, however, are more applicable to datasets that contain healthcare 
consumption data for individuals (Klauss et al, 2005; Goodman et al, 2003; Makuc et al, 1991). 
Another simpler method is to limit the service area so that it captures between 80% to 
90% of the patient population (Cromley and McLafferty, 2012). This method was better suited to 
this study for two reasons. First, the dataset does not contain information on individuals. Only 
aggregate counts for each zipcode are provided. Second, specific communities for each FQHC 
needed to be identified for assessing performance with respect to cancer screening. This aligns 
better with ACS goals of improving screening rates within each FQHC, particularly in 
underperforming ones. After carefully examining the scenarios shown in table 7 and fig.5, the 
decision was made to eliminate zctas that contributed upto 15 patients (Core Service Areas). This 
threshold still allowed for upto 99% of the FQHCs to account for 80% of their patient 
population. Python scripts were revised to eliminate the 15 patient (and less) zctas from each 
FQHC and recreate new polygons that represented the Core Service Areas shown in fig.6. 
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Table 7. Scenarios eliminating unique zctas contributing small numbers of patients 
 Scenario Number % of Total ZCTAs 
Unique 1 Patient ZCTAs 1720 6.47 
Unique 5 Patient ZCTAs 3003 11.29 
Unique 10 Patient ZCTAs 3805 14.31 
 Unique 15 Patient ZCTAs  5629  21.17
Unique 20 Patient ZCTAs 7028 26.43 
Unique 30 Patient ZCTAs 9129 34.33 
 
 
Figure 5. Maps showing the spatial distribution of unique ZCTAs that will be 
eliminated for each scenario (marked in orange) 
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Figure 6. Spatial coverage of Core Service Areas 
 
Validating the Methodology 
Service areas for FQHCs in 2013 and 2014 were generated using the identical 
methodology outlined in the preceding sections to assess its validity for successive years. A 
preliminary analysis indicated that the methodology performed consistently for the three years. 
The maps shown in fig.7 help visualize the spatial coverage of FQHC service areas in 2013 and 
2014 respectively. There appears to be a marginal improvement in coverage in the lower part of 
the Midwest (potentially new FQHCs) and will be looked at further in future analysis. The 
histograms shown in fig.8 help communicate the changes in patient capture from year to year. 
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Figure 7. FQHC Core Service Areas for 2013 and 2014.  
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A total of 1167 FQHCs had consecutive data for the years 2012, 2013 and 2014. Percent 
change in the number of patients captured by the Service Area methodology was compared. 
There were minor variations between years. Overall, between 2012 and 2014, 719 FQHCs (61%) 
captured the same or more patients (greater than or equal to 80% of total patient population) 
based on the methodology developed. Of the 447 FQHCs that saw a decrease, 413 had a decrease 
of less than 2% in the percentage of patients captured. 
 
Figure 8. Trends in percentage of patients captured between 2012, 2013 and 2014. 
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Identifying Communities of Focus (Phase II) 
The next phase in the analysis was to identify areas of geographic focus for ACS 
interventions. These focus areas represent the cumulative occurrence of risk factors, social 
vulnerability and low cancer screening rates. Fig.9 outlines the methodological framework for 
identifying these communities of focus. The framework is focused on colorectal cancer screening 
due to its significance to ACS initiatives such as the 80% by 2018 NCCRT (national roundtable).  
 
Figure 9. Methodological framework for identifying Communities of Focus 
 
The risk factors (socioeconomic and demographic) shown in the framework were 
identified directly from prior peer-reviewed research published by ACS (Siegel et al, 2015). The 
variables in blue were used for immediate analysis. The variables greyed out will be considered 
in future analysis. Census data for the socioeconomic and demographic variables selected are 
available at census tract and county scales. The service areas were evaluated against both sets of 
political boundaries to gauge the appropriate level of analysis. 
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high vulnerability 
and low screening 
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Screening
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Counties, particularly in urban areas, have non-uniform population distributions. This is 
reflected in the size of the tracts. They get smaller towards the urban core, reflecting a higher 
population density. When service areas only partially cover spatial units, proportioning the 
population based on area in the tract would be a better approximation rather than area of county 
included (fig.10). Therefore, census tract level overlay analysis was considered the best suited 
for the purposes of this project. 
 
 
Figure 10. Overlaying counties, census tracts and Service Areas 
 
Based on the algorithm illustrated in fig.11, python scripts were written to intersect each 
service area with census tract boundaries. Areas of the tracts within each Service Area were 
calculated. Tracts which were partially included within the service area will have reduced areas 
(IntSubArea) compared to their original areas before they were intersected (Area1). The 
percentage area of the tract represented within the service area was used as a weight to 
Counties_2010
GA_Tracts
ServiceArea_040400
CP 6950 GIS Capstone Project Arthi Rao 
24 
 
proportion the population and associated socioeconomic and demographic variables (fig.12). The 
resulting dbf tables from each of the service area shapefiles were appended into a single excel 
table for further analysis.  
 
 
Figure 11. Algorithm for intersecting Service Areas with census tracts 
Calculate area in square miles for each 
shapefile (service area)
Intersect Tracts with Service Areas (SA). 
This creates a set of shapefiles with sub-areas 
of tracts nested within the  Service Areas
Calculate area in square miles for each sub-
area within SA
Calculate % of sub-area (tract area) 
belonging to the SA
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Figure 12. Attribute tables with percentage of tract area calculated 
 
The relevant socioeconomic and demographic variables were downloaded from the 
American Community Survey. 2012 5- year estimates were used for the analysis. This table 
served  as a master vlookup table for joining with the appended attribute tables.  Using the 
VLOOKUP function in excel, each tract within every Service Area was assigned the matrix of 
risk factor variables. The variables were multiplied by the respective tract weights (IntSubArea) 
to calculate the proportion within each Service Area. Pivot tables were used to aggregate the 
totals for each variable by the FQHC Service Area (table 8). This restructures the data from a 
stacked table (multiple rows for each FQHC) to a table with one row of variables per FQHC. 
FQHC ID and FQHC SA 
area in sq miles
Tracts that the SA 
intersects with
Area1 is the area of the full 
tract and IntSubArea is the area 
of the portion of that tract 
within the SA
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Table 8. Risk factor variables proportioned and aggregated to the service area level 
 
 
Percentages for each variable were calculated based on the total population in the service 
areas. Percentages make the service areas comparable. The percentages were further normalized 
by calculating z-scores and added up to calculate a composite index score of risk factors. The 
risk index was overlaid with the screening rates and with FQHC utilization rates by the 50-75 
age group. The layers were overlaid using transparent color fill (graduated red tones) for the 
polygons (service areas). When the layers were placed over each other, it became easy to 
visualize “Communities of Focus” with the darkest color (highest intensity of red). The series of 
maps below show the individual layers as well as the results of the overlay analysis. 
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Contributions to ACS initiatives 
This analysis is envisioned to contribute to the following ACS initiatives: 
• National Colorectal Cancer Roundtable- 80% x 2018 
 Identify FQHC for focused intervention for CRC screening  
• Cervical Cancer Prevention 
 As part of the HPV Roundtable effort, identify FQHCs to promote HPV 
vaccination efforts (immunization) 
 Identify FQHCs for increasing utilization of pap tests (screening) 
• Lung cancer prevention 
 Identify FQHCs for increased efforts towards Tobacco use assessment and 
intervention 
 Breast Cancer prevention 
 Identify areas of focus for increasing breast cancer prevention efforts 
(mammograms, exams) 
 
Directions for Further Research 
Preliminary statistical analysis did not yield significant results. While the methodology 
was useful in identifying vulnerable communities, the determinants of screening rates might be 
internal to the FQHC. Therefore this approach might not be as effective in predicting screening 
rates based on community-level characteristics. More in-depth analysis will be pursued to better 
understand mechanisms internal t the FQHC that are more closely related to screening rates. 
Meanwhile, methods such as hierarchical clustering will be applied to identify and 
categorize these communities of focus to inform the design of strategic interventions. Other 
techniques of index construction will also be explored. 
The particular requirement for reporting screening rates to the UDS system was initiated 
in 2012. It is possible that there may be errors associated with data reporting as FQHCs tried to 
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cope with the new reporting protocols. The analysis carried out on 2012 data will be extended to 
2013 and 2014 data to examine data consistency and validity. The analytical approach will also 
be applied to other cancer prevention initiatives outlined in the previous section. 
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